tory syncytial virus (RSV), parainfluenza virus, and herpes simplex virus.Z2, 104, 105 A small proportion of cases of acute bronchitis is of nonviral etiology. Mycoplasma pneumoniae, Bordetella pertussis, and Chlamydia pneumoniae, Taiwan acute respiratory (WAR) strain, are recognized bacterial causes of acute bron~hitis.~~, The etiologic role of Streptococcus pneumoniae and Haemophilus influenzae in acute bronchitis is not clear because these bacteria may represent resident flora of the upper respiratory tract of normal individuals. To examine the role of secondary bacterial infection in the pathogenesis of acute bronchitis, it is necessary to obtain samples from tracheobronchial trees without contamination by nasopharyngeal Acute tracheobronchitis may also be a consequence of the inhalation of irritating, toxic substances as a result of air pollution or occupational exposures to ammonia, chlorine, sulfur dioxide, nitrogen dioxide, or ozone.51, loo
Pathogenesis
During acute bronchial infection, the mucous membrane of the tracheobronchial tree is hyperemic and edematous, with increased bronchial secretion being a common feature. Although extensive destruction of the respiratory epithelium may be seen with influenza, other viral agents, such as rhinovirus, cause minimal epithelial i n j~r y .~~,~~~ Impaired mucociliary function is seen in patients with all infections, even in those without overt mucosal Determining the pathogenesis of acute tracheobronchitis is complicated by several factors. Studies seeking an infectious cause frequently fail to isolate a specific pathogen. A delay in seeking medical care after the onset of symptoms, which may bring the patient to medical attention beyond the period of viral shedding, may be one explanation. Determination of a causative agent is further complicated in patients with chronic lung diseases who may have tracheobronchial colonization by potentially pathogenic bacteria, including H. influenzae, S. pneumoniae, and Moraxella catarrhalis. An increase in serum antibody titers to bacteria associated with acute bronchitic symptoms suggests that bacteria may have a causative although analysis of antibody coating of bacteria in sputum is not helpful.lZ5 In addition, severity of attacks of acute bronchitis may be increased by exposure to cigarette smoke and air pollutants. These substances in association with recurrent acute bronchial infection may result in permanent injury to the bronchial tree. Some epidemiologic studies support the potential role of acute respiratory infections in the pathogenesis of chronic obstructive lung 79 The relationship between acute bronchitis and heightened airway reactivity has also been studied extensively. Increased airway reactivity and airway resistance, usually manifested as a bothersome cough, may persist for 6 to 8
The elevated airway resistance observed after a bronchial infection is largely reversible with P-sympathomimetic and anticholinergic bronchodilators.
Clinical Presentation
Cough is uniformly found in patients with acute bronchitis, and it may be productive of mucoid or purulent sputum. The cough may be accompanied by variable amounts of hemoptysis or retrosternal pain that is often described as a burning sensation. It is usually accentuated on inspiration. Generally, the temperature is only minimally to moderately elevated. Physical examination often shows harsh breath sounds, rhonchi, and variable amounts of expiratory wheezing. Occasionally, focal areas of diminished breath sounds are present, which suggest that inspissated mucus has caused atelectasis. Atelectasis may be relieved by the use of humidifiers; bronchodilators; vigorous coughing; and, if needed, tracheal suction. Sometimes, diffuse diminution of air intake or inspiratory stridor is present. These findings indicate obstruction of major bronchi or the trachea. Most viral acute tracheobronchitis runs a benign, self-limited course. However, herpes simplex type 1 has been associated with severe febrile tracheobronchitis and respiratory failure in "normal," immunocompetent adults.lW
Diagnosis
Bronchitis may be suspected in patients with an acute respiratory tract infection associated with cough; however, bronchitis must be considered a diagnosis of exclusion because more serious diseases of the lower respiratory tract are associated with cough. A complete history should include information on exposure to toxic substances and cigarette use, epidemiologic considerations, and vaccination history. A thorough physical examination is essential to exclude other causes of cough, including cardiovascular and parenchymal lung diseases. Routine bacterial cultures of expectorated sputum are not helpful because of the sampling problem of contamination by nasopharyngeal flora and the usual technical difficulties with cpllecting, transporting, and interpreting an adequate lower respiratory tract sample. Occasionally, the nature of sputum may provide some diagnostic clues. For instance, except for adenovirus infections, the sputum in viral infections almost always shows a marked predominance of mononuclear cells on Gram or Wright's stain. In contrast, in bacterial infections, the sputum shows a predominance of polymorphonuclear leukocytes. Mycoplasma infections are usually associated with mononuclear cells, but a predominant polymorphonuclear cell population may be present. Culture methods and a microimmunofluorescence test have been developed for the laboratory diagnosis of C. pneumoniue. The use of a gamma M immunoglobulin (1gM)-specific conjugate helps detect current infection. Patients in whom cough persists beyond the expected duration of the acute illness should have further diagnostic examination, including chest radiography, sputum cytology, and bronchoscopy, to exclude other diseases of the tracheobronchial tree and lungs.
Treatment
In most cases of acute bronchitis, only symptomatic treatment is needed; however, patients with underlying chronic cardiopulmonary diseases who contract influenza or other severe forms of bronchitis may develop serious symptoms requiring hospitalization, oxygen therapy, and ventilatory assistance. Cough suppressants, adequate hydration to prevent drying of bronchial secretions, and symptomatic treatment of mild fever and malaise associated with some influenza-like syndromes is the cornerstone of treatment of acute bronchitis in otherwise healthy individuals. If bronchospastic symptoms are dominant, there may be a role for inhaled P,-adrenergic bronchodilators.
The value of antibiotics in the treatment of otherwise healthy individuals with acute bronchitis has not been established, and the use of these agents is not recommended as a general practice. This uncertainty stems from conflicting results of clinical trials, which may be explained based on variations in type of antibiotics, dosage schedule, duration of follow-up, the season of the year (reflecting prevalence of different pathogens), and lack of a placebo-controlled design in many of these studies. Factors that may prompt the use of antibiotics include patient's age, significant underlying medical illnesses, and severe or persistent (e.g., 2> 1 week in duration) symptoms.'6 Under these circumstances, treatment with tetracycline or a macrolide to cover the suspected pathogens, M. pneumoniae, C. pneumoniae, and S. pneumoniae, should be considered.l6. 58 During epidemics known to be caused by influenza A virus, treatment with amantidine is recommended for patients with suspected influenza if the illness is less than 4% hours in duration. exacerbations of chronic bronchitis, community-acquired pneumonia, and viral respiratory tract infections. The pattern of antibiotic prescribing for these infections varies from country to country, but there is rationale for these antimicrobial choices exists. 38 Chronic obstructive pulmonary disease (COPD) is a progressive disease characterized by reduced expiratory airflow that is relatively stable over several months of observation6 Chronic bronchitis is defined clinically as excessive cough, with productive of sputum on most days, for at least 3 months during at least 2 consecutive years.76 The major risk factor for chronic bronchitis is cigarette smoking, and cumulative smoking history is most closely related to symptom development.2l Other factors implicated in the development of chronic bronchitis include occupational and environmental exposures (e.g., to dust, air pollution, sulfur dioxide, or nitrogen dioxide) and childhood respiratory tract infection.23* 75, lz4 Passive smoking may also be a risk factor for chronic bronchitis, but the evidence to suggest this is less clear.% The prognosis of COPD is affected most when lung function as reflected by the forced expiratory volume in 1 second (FEV,) falls below 50% of predicted va1ues.lo When the FEVl falls below 1 L, the 5-year survival rate is approximately 50%.11* Very poor correlation exists between the amount of sputum produced and the degree of airflow obstruction.66s 91 Frequent acute exacerbations of bronchitis have not been associated with an accelerated decline in FEV1.19~49
ACUTE EXACERBATION OF CHRONIC BRONCHITIS

Role of Bacterial Infection
An acute exacerbation of chronic obstructive lung disease is usually defined as an episodic respiratory decompensation without an objectively documented cause, such as pneumonia. The role of bacterial infection in acute exacerbation of chronic bronchitis is controversial. Many patients are treated with antibiotics, but whether this treatment is efficacious is debatable."] Several groups have demonstrated increased numbers of bacteria and neutrophils in sputum during exacerbations.48, 77 A causal relationship can be inferred by the appearance of an acute antibody response in serum to these bacteria and an increase in inflammatory mediators in purulent ~puturn.8~, lO9 The relationship between bacterial infection and symptoms is complicated by a high spontaneous remission rate; this can be expected because bacterial exacerbations are usually limited to the bronchial mucosa. 81 In a landmark study, Anthonisen and co-workersg demonstrated for the first time that patients could be stratified according to symptoms to predict a response to antimicrobial therapy. In patients with at least two of increased dyspnea, sputum volume, and sputum purulence, broad-spectrum antibiotics (e.g., amoxicillin, trimethoprim-su~famethoxazole, or doxycycline) lead to improved clinical outcomes, fewer therapeutic failures, and a more rapid rate of lung function recovery compared with placebo. Overall, the length of illness was 2 days shorter for the antibiotic-treated group compared with the group receiving placebo. A meta-analysis of nine randomized, placebo-controlled trials of patients treated with antibiotics for acute exacerbations of chronic bronchitis concluded that a small but statistically significant clinical and physiologic improvement could be expected in antibiotic-treated ss, mc 92* 97 Table  1 demonstrates the results in seven of the nine trials and a recently completed, large, randomized, placebo-controlled Italian trial that was not included in the meta-analysis? A beneficial impact of antibiotics was demonstrated in studies that included the largest number of patients. In the six trials that reported peak expiratory flow rates, an improvement of 10.75 L/min favoring the antibiotic group was noted. Although this improvement is small, it may be clinically relevant, particularly in patients with limited respiratory reserve. Design flaws in the earlier studies, such as small number of study patients, unclear selection criteria, uncertain microbiology, nonstandard evaluation criteria, and lack of stratification of patients, may account for the discrepancy in outcomes.
Bacterial Pathogens
Bacterial pathogens can be isolated from sputum in 50% to 60% of patients having an AECB, with H. infuenzae being the most commonly isolated organism from sputum ( yg/mL).
Pathogenesis of Bronchial Infections
Cigarette smoking is the most common cause of chronic bronchitis.Io3 The mucociliary system forms a primary defense mechanism of the respiratory tract against all inhaled particles, including bacteria.% Viral infection and cigarette smoke frequently damage cili?ted epithelium, which, in turn, impairs mucociliary c1earance.lo7, 119 Mucociliary function may also be reduced by increased mucous volume, and altered mucous rheol~gy.~~, 98 Viral infections result in the release of inflammatory mediators, such as kinins, increasing local permeability that may predispose the respiratory mucosa to bacterial colonization.% Loss of large areas of ciliated epithelium occurs during viral and bacterial infections and contributes to impaired mucociliary ~learance?~, 117 Delayed mucociliary clearance affords bacteria the opportunity to multiply and attach, first to mucous and then to mucosal surfaces.116 An organism that is uniquely designed to take advantage of this is nontypable H. infuenzae. It expresses pili, and piliated isolates of nontypable IJ. influenzae adhere to human nasopharyngeal epithelial cells very well.", l4 Organisms such as H. infuenzae produce substances that impair ciliary function, stimulate mucous production, destroy local immunoglobulins, impair phagocytic function, and damage the tracheobronchial epithelium.'.
H. influenme synthesizes histamine and releases an uncharacterized factor which impairs human neutrophil function.3o, lo2 When these bacteria loiter in the airways, a host inflammatory response is stimulated. With the movement of large numbers of neutrophils and their subsequent release of proteinases and toxic oxygen radicals, mucous production and epithelial surface damage may be enhan~ed.~, 31 The neutrophils are attracted by chemoattractant bacterial produ c t~?~ Proteinase enzymes, such as elastase, are released from neutrophils and can be found in the sputum of patients with chronic bronchitis.1w Progressive airway damage may occur from the products of the bacteria themselves or from the host response to these bacteria. Local host defense may be further impaired, leading to an ever-greater chance of bacterial colonization and thus further damage. This process has been termed the vicious circle hypothesis and may account for the insidious progression of airway disease.29 s9z
Risk Stratification
Patients with significant compromise of lung function may develop acute respiratory failure as a consequence of an acute exacerbation. Therefore, it is prudent to identify this high-risk population for which an aggressive approach can be applied from the outset, hoping to avoid this important complication. Mechanical ventilation is required in 20% to 60% of these patients, and long and expensive intensive care unit (ICU) care and hospital mortality rates of 10% to 30% have been reported.33 Factors reported to be associated with in-hospital mortality include age of more than 65 years, comorbid respiratory and nonrespiratory organ dysfunction, and hospital length of stay before ICU admission.1o1 Patient age and severity of airway obstruction in patients with COPD were identified as the major determinants of survival in patients followed for 3 years after discharge from the hospital. 10 Other factors linked to survival are performance status and use of oral corticosteroids.llo Following institutiob of antibiotic therapy for an acute exacerbation of chronic bronchitis, factors predicting failure of initial antimicrobial therapy (return to the prescribing physician for more treatment) or need for hospitalization include coexistent cardiopulmonary diseases and the number of previous e~acerbati0ns.l~ The presence of cardiovascular comorbidity and more than four exacerbations in the previous year has a sensitivity of 75% and specificity of 47% in predicting return to the prescribing physician for further treatment. Advanced age, significant 'impairment of lung function, poor performance status, comorbid conditions, and history of previous frequent exacerbations requiring systemic corticosteroid medications characterize a high risk group of patients. Because the cost of failure of treatment of these patients is high, an aggressive approach to treatment of this high-risk group may improve outcome. Routine antimicrobial therapy fails in 13% to 25% or more of exacerbation^.'^, 74 Therapeutic failure leads to increased cost of care because of extra physician visits, further diagnostic tests, and repeated courses of antibiotics. It may also lead to more hospitalizations and prolonged absence from work.
Stratification of patients into risk categories may allow the physician to select targeted antimicrobial therapy to prevent some of these consequences. This approach has become increasingly more important because of increasing rates of resistance to standard antimicrobial therapy. Several stratification schemes have been proposed to improve initial antimicrobial selection.
Balter and co-workers in Canada suggested that patients could be categorized into five groups16 ( Table 3) . Group 1 had acute simple bronchitis, likely viral induced, with no previous respiratory problems. Antimicrobial therapy was not recommended for this group. In patients with persistent symptoms (> 1 week in duration), a macrolide to treat the suspected pathogens, M. ~neumoniaE~ C. pnEumoni~e~ and S, ~n~m o n~e , was recommended. Group 2 patients had simple chronic bronchitis with minimal or no impairment of pulmonary function and without any other risk factors. Treatment was recommended because Anthonisen and co-workers9 demonstrated a beneficial effect of antibiotics. An aminopenicillin was suggested as first-line therapy for an acute exacerbation because the consequences of a treatment failure were expected to be relatively few. Group 3 patients were described as having moderate to severe chronic bronchitis. They may be elderly (> 65 years), and were likely to have frequent exacerbations (four or more/year). Treatment with antibiotics directed toward p-lactamase-producing strains of H. injluenzae and M. catarrhalis, such as a second-or third-generation cephalosporin, trimethoprim-sulfamethoxazole, amoxicillin-clavulanic acid, second-generation macrolide, or quinolone was suggested. Group 4 was similar to group 3 but had other significant comorbid illness, such as congestive heart failure, diabetes mellitus, chronic renal failure, or chronic liver disease. Treatment regimens similar to those suggested for group 3 were advised. Group 5 patients were classified as having bronchiectasis. Sputum cultures were recommended for this group to tailor therapy to the isolated pathogen.
Lode proposed patients be divided into three groups7* ( Table 4) . "Firstdegree" patients were defined as those with a relatively short duration of chronic bronchitis; rare exacerbations; normal lung function; and infection with the usual pathogens, namely, H. injluenzae and S. pneumoniae. The suggested antimicrobial choices for this group included oral amoxicillin, doxycycline, co-trimoxazole, or a macrolide. "Second-degree" patients were defined as having a longer history of chronic obstructive lung disease, several exacerbations each year, and impaired lung function. Because of the concern of gram-negative pathogens, Lode proposed the use of oral cephalosporins, amoxicillin-clavulanic acid, or quinolones. "Third-degree" patients were described as hospitalized patients with significant comorbidity, prolonged history of COPD, severe functional impairment, and frequent infections with gram-negative pathogens. He suggested oral therapy with cephalosporins, amoxicillin-clavulanic acid, or quinolones. In hospitalized patients, these same drugs, administered intravenously or an aminoglycoside in combination with p-lactam antibiotic, were recommended. In the United Kingdom, Wilsonll* classified patients into four groups ( Table  5) . Group 1 patients have acute bronchitis that is usually viral in origin. Because no underlying lung disease is present in this group, the illness is usually selflimited and runs a benign course. Group 2 patients have simple chronic bronchitis, are younger, have only mild to moderate impairment of lung function (FEVl > 50% predicted value) and have less than four exacerbations per year. In this group of patients, typical pathogens, including H. influenme, S. pneurnoniae, and M . ~t a r r~Z i s are present, although viral infection often precedes bacterial superinfection. Treatment with a @-lactam is usually successful, and the prognosis is excellent. Group 3 patients are older and may have poor underlying lung function (FEV1 < 50% predicted). Alternatively, they may demonstrate only moderate impairment of lung function (FEVI 50%-65% predicted) but have significant comorbidity (eg., diabetes mellitus, congestive heart failure, chronic renal disease, or chronic liver disease) or, experience four or more exacerbations per year. H. infuenzae, S. pneumoniae, and M. catarrhalis continue to be the predominant organisms. In this group of patients, initial treatment failure has major implications for the patient and health-care system, including increased time lost from work, hospitalization, or both. Treatment with medications directed toward resistant organisms, such as a quinolone, amoxicillin-clavulanic acid, second-or third-generation cephalosporins, or a second-generation macrolide should perform better than amoxicillin. Group 4 patients suffer from chronic bronchial infection with frequent exacerbations characterized by increased spu- tum production, increased sputum purulence, cough, and worsening dyspnea. Many of these patients have evidence of bronchiectasis if subjected to highresolution CT scanning. These individuals tend to have a chronic progressive course, and an aggressive therapeutic approach should be offered. In addition to the usual respiratory organisms, other gram-negative organisms, including
Enterobacteriaceae and Pseudomonas spp., should be considered as potential pathogens. Ciprofloxacin is the agent with the most activity against these species and should be considered the agent of choice when they are identified.28 These and other classification systems emphasize identifying the high-risk population so they can be treated, from the outset, with antibiotics designed to deal with potential resistant organisms. This approach may reduce risk for treatment failure, which, especially in high-risk population, has significant medical and economical implications.
In a recently completed study, patients with at least three treated exacerbations in the past year (class 3 patients) were randomized to receive either ciprofloxacin or any non-quinolone-based therapy for their next acute exacerbation of chronic bronchitis.% In this prospective health economic study, clinical endpoints (i.e., days of illness, hospitalizations, and time to next exacerbation) were blended with quality-of-life measurements (Nottingham Health Profile, St. George's Hospital Respiratory Questionnaire, Health Utility Index) and total respiratory costs from a societal perspective. Although the overall results indicated no preference for either treatment arm, in patients with risk factors (i.e., severe underlying lung disease, more than four exacerbations/year, duration of bronchitis > 10 years, elderly, or significant comorbid illness), the use of ciprofloxacin led to improved clinical outcome, higher quality of life, and lower costs. The results of this study suggest that aggressive antimicrobial therapy directed especially toward resistant organisms in high-risk patients may be a more effective strategy than no therapy or therapy with older antimicrobials that are not effective particularly against ~-lactamas~producing H. j n~u e n~.
Nonantimicrobial Treatment
Treatment of acute exacerbation of chronic bronchitis falls into two general approaches of preventive and symptomatic therapies.
Preventive Measures
Smoking cessation has been identified as a major cornerstone of management of patients with chronic bronchitis. The recent Lung Health Study8 confirmed that smoking cessation greatly reduces the rate of decline of FEVl. The benefit of smoking cessation is seen even in patients over the age of 60 years.6O Chronic sputum production often clears within 4 weeks of smoking Nicotine-replacement therapy is an effective approach to smoking cessation, although counseling by a physician has been shown to be the most potent inter~ention.~~. 67, Annual influenza vaccination reduces morbidity and mortality of influenza in the elderly by 50'/0.*~ This beneficial effect is believed to be the result of prevention of airway epithelial damage predisposing to subsequent bacterial infection caused by the virus. 39 The beneficial effect of pneumococcal vaccine in patients with chronic bronchitis has not been firmly established; however, current recommendations are that patients with COPD receive Pneumovax (23 valent pneumococcal vaccine) at least once in their lives and considerations be given to repeating the vaccine every 5 to 10 years, especially in high-risk patients or those that have a rapid decline in pneumococcal antibody levels?4, Orcel and co-workersxB showed a 40% reduction in the incidence of acute exacerbation of chronic bronchitis after oral immunization with lyophilized fractions of the eight most common pathogens isolated in respiratory tract infections.88 This was a randomized, double-blind, placebo-controlled trial. At the present time, however, oral vaccination for patients with chronic bronchitis remains an experimental approach.
Symptomatic Therapy
Generally a combination of inhaled anticholinergic with inhaled P-agonist is used in the treatment of acute exacerbation of chronic bronchitis. Oxygen therapy to maintain a PQ of more than 60 mm Hg or an arterial oxygen saturation of more than 90% may be required. Excessive use of oxygen should be avoided because it may lead to progressive hypercapnia, either by decreasing hypoxic ventilatory drive or by worsening ventilation-perfusion mismatching within the lung.
Aminophylline in acute exacerbation of chronic bronchitis adds little to the bronchodilating potential of inhaled medications and increases side effe~ts.9~ Retrospective reviews of patients presenting to the emergency room with acute exacerbation of COPD show a clear benefit in the group treated with corticoster0ids.8~ Albert and co-workers2 reported faster improvement of pulmonary function tests in a randomized, placebo-controlled, double-blind clinical trial of parenteral corticosteroids during acute exacerbations of COPD.* The results of the current Systemic Corticosteroids in COPD Exacerbation (SCCOPE) clinical trial being conducted by the Veterans' Affairs Medical Research Service will better define the role for oral corticosteroids. Currently, the weight of clinical evidence supports use of a course of systemic corticosteroids in the management of acute exacerbation of chronic bronchitis.
SUMMARY
Bronchitis in its acute and chronic forms with recurrent acute exacerbations is one of the most common reasons for physician visits, accounting for a significant cost to the health-care system, lost work days, and increased morbidity and mortality. Smoking and recurrent lower respiratory tract infections are major risk factors for chronic bronchitis. Therefore, smoking cessation and vaccination strategies are cornerstones of management in terms of halting disease progression and reducing the frequency of infectious exacerbations. Bacterial infection is the main culprit in acute flares of the disease. Routine antimicrobial therapy fails in a significant number of patients, and therapeutic failures lead to increased costs. Several stratification schemes have been proposed to improve initial antimicrobial selection. These schemes identify patient's age, severity of underlying pulmonary dysfunction, frequency of exacerbations, and the presence of comorbid illnesses as predictors for likely pathogens and to guide antimicrobial seiection. This approach may reduce the risk for treatment failure, which would have significant medical and economic implications. Improved understanding of the roles of airway inflammation and infection in the pathogenesis of progressive airway disease, in addition to future studies examining the efficacy of newer classes of antimicrobials, should guide physicians to target early and effective treatment to high-risk patients.
